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Abstract
In this paper, it is shown that there are 11 extremal doubly-even self-dual ½80; 40; 16 codes
with an automorphism of order 19, up to equivalence, and the codes are new. The
automorphism groups of the codes are also obtained.
r 2002 Elsevier Science (USA). All rights reserved.
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1. Introduction
Self-dual codes are an important class of linear codes for several reasons. In
particular, binary doubly-even self-dual codes are widely studied. The extended
Hamming ½8; 4; 4 code, the extended Golay ½24; 12; 8 code and certain extended
quadratic residue codes are included in this class. It is known that there is a doubly-
even self-dual code of length n if and only if n  0 ðmod 8Þ: All such codes of lengths
up to 32 have been classiﬁed (cf. [8]). For larger lengths, it is reasonable to investigate
only those with the highest minimum weight.
The minimum weight d of a doubly-even self-dual code of length n is bounded by
dp4½n=24 þ 4: If d ¼ 4½n=24 þ 4; then the code is called extremal. For the following
lengths np136; the existence of an extremal doubly-even self-dual code is known (cf. [8]):
n ¼ 8; 16; 24; 32; 40; 48; 56; 64; 80; 88; 104 and 136:
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For larger lengths, known extremal doubly-even self-dual codes are the extended
quadratic residue codes or double circulant codes. For length 80; only the extended
quadratic residue code QR80 was the known extremal doubly-even self-dual code.
Huffman and Yorgov developed the theory to construct and classify extremal
doubly-even self-dual codes under the assumption that they have an automorphism
of odd prime order p (cf. [1,9]). They gave the classiﬁcation of extremal doubly-even
codes of length n with odd prime p where ðn; pÞ ¼ ð40;X5Þ; (48, any), ð56; 13Þ and
(64,31) [1,9–12]. The non-existence of an extremal doubly-even ½72; 36; 16 code with
an automorphism of order 11; 17; 23 is also known [2,6,7].
In this paper, their work is extended to length 80. The largest odd prime dividing
the order of the automorphism group in an extremal doubly-even ½80; 40; 16 code is
79 and the next prime is 19. It is shown that there are exactly 11 inequivalent
extremal doubly-even self-dual ½80; 40; 16 codes with an automorphism of order 19.
Since the known extremal doubly-even code of this length does not possess an
automorphism of order 19; the codes found are new.
2. Deﬁnitions and basic results
A binary ½n; k code C is a k-dimensional vector subspace of GFð2Þn; where GFð2Þ
is the ﬁeld of two elements. The elements of C are called codewords and the weight
of a codeword is the number of its non-zero coordinates. An ½n; k; d code is an ½n; k
code with minimum weight d: A code C is self-dual if C ¼ C> where C> is the dual
code of C under the standard inner product. A self-dual code C is doubly-even if all
codewords of C have weight divisible by four. Two codes are equivalent if one can be
obtained from the other by a permutation of the coordinates.
An automorphism of C is a permutation of the coordinates of C which preserves
C: The set consisting of all automorphisms of C is called the automorphism group
of C: Let s be an automorphism of prime order p: If s has c independent p-cycles
and f ﬁxed points, then s is said to be of type p-ðc; f Þ following [11].
Proposition 1. Let C be a self-dual ½80; 40; 16 code with an automorphism of odd
prime order p of type p-ðc; f Þ: If pX19 then the possibilities for p-ðc; f Þ are 79-(1,1) and
19-(4,4).
Proof. For pX19; all the possible cases p-ðc; f Þ are 79-ð1; 1Þ 73-ð1; 7Þ; 71-ð1; 9Þ; 67-
ð1; 13Þ; 61-ð1; 19Þ; 59-ð1; 21Þ; 53-ð1; 27Þ; 47-ð1; 33Þ; 43-ð1; 37Þ; 41-ð1; 39Þ; 37-ð1; 43Þ;
37-ð2; 6Þ; 31-ð1; 49Þ; 31-ð2; 18Þ; 29-ð1; 51Þ; 29-ð2; 22Þ; 23-ð1; 57Þ; 23-ð2; 34Þ; 23-ð3; 11Þ;
19-ð1; 61Þ; 19-ð2; 42Þ; 19-ð3; 23Þ and 19-ð4; 4Þ: All the cases except 79-ð1; 1Þ and
19-ð4; 4Þ are impossible by Theorem 1(i) and (ii) in [9]. &
The automorphism group of the extended quadratic residue code QR80 is
PSLð2; 79Þ where the order is 246 480 (cf. [3]). Hence QR80 has an automorphism of
the ﬁrst type in the above proposition.
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Proposition 2. If C is an extremal doubly-even self-dual ½80; 40; 16 code with an
automorphism of type 79-ð1; 1Þ then C is equivalent to QR80:
Proof. Similar to that of Theorem 2 in [1]. Consider the cyclic code obtained from C
deleting the ﬁxed coordinate. The factors of x79  1 over GF(2) are given by
ðx þ 1Þðx39 þ x36 þ x35 þ x31 þ x30 þ x29 þ x27 þ x26 þ x25 þ x24 þ x21 þ x20 þ x19
þ x18 þ x16 þ x14 þ x13 þ x11 þ x5 þ x4 þ x2 þ x þ 1Þðx39 þ x38 þ x37 þ x35 þ x34
þ x28 þ x26 þ x25 þ x23 þ x21 þ x20 þ x19 þ x18 þ x15 þ x14 þ x13 þ x12 þ x10 þ x9
þ x8 þ x4 þ x3 þ 1Þ:
Hence the only cyclic ½79; 40; 15 codes are the quadratic residue codes based on the
quadratic residues and the non-residues modulo 79. The result follows. &
This motivates us to study extremal doubly-even ½80; 40; 16 codes with an
automorphism of type 19-ð4; 4Þ:
3. Main results
The aim of this paper is to show that there exist 11 inequivalent extremal doubly-
even self-dual ½80; 40; 16 codes with an automorphism of order 19, applying the
theory developed by Huffman [1] and Yorgov [9].
Let C be an extremal doubly-even self-dual ½80; 40; 16 code with an automorph-
ism f of order 19. By Proposition 1, we may assume that
f ¼ ð1; 2;y; 19Þð20; 21;y; 38Þ?ð58; 59;y; 76Þ:
Let Oj ¼ f19ðj  1Þ þ 1; 19ðj  1Þ þ 2;y; 19jg be the jth orbit of f where 1pjp4
and O5 ¼ ð77Þ;y;O8 ¼ ð80Þ: Deﬁne
FfðCÞ ¼ fvAC: vf ¼ vg
and
EfðCÞ ¼ fvAC: wtðvjOiÞ  0 ðmod 2Þ; i ¼ 1; 2;y; 8g;
where vjOi is the restriction of v on Oi:
It is known [1] that C ¼ FfðCÞ"EfðCÞ: Every vector vAFfðCÞ is constant on
each cycle. For vAFfðCÞ; denote by pðvÞ the vector of length 8 obtained by
replacement of each restriction vjOi for i ¼ 1; 2; 3; 4 by one of its coordinates. In this
way, we obtain a binary self-dual ½8; 4 code pðFfðCÞÞ (cf. [1]). It is known [5] that
there are two inequivalent binary self-dual ½8; 4 codes, namely, A8 and C42 : These
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codes have the following generator matrices:
1 1 1 1 0 0 0 0
0 0 1 1 1 1 0 0
0 0 0 0 1 1 1 1
1 0 1 0 1 0 1 0
0
BBB@
1
CCCA and
1 0 0 0 1 0 0 0
0 1 0 0 0 1 0 0
0 0 1 0 0 0 1 0
0 0 0 1 0 0 0 1
0
BBB@
1
CCCA;
respectively.
Lemma 3. pðFfðCÞÞ is equivalent to C42 :
Proof. Suppose that pðFfðCÞÞ is equivalent to A8: It is known that the
automorphism group of A8 acts triple-transitively on the coordinates. Hence, we
may ﬁx the last three positions in the ﬁxed points O6; O7 and O8: Any choice of one
position among the ﬁrst 5 in the ﬁxed point O5 leads to the vector of FfðCÞ of weight
4 or 58 which gives a contradiction. &
By the above lemma, we may assume that FfðCÞ has the following generator
matrix:
X ¼
j 1 0 0 0
j 0 1 0 0
j 0 0 1 0
j 0 0 0 1
0
BBB@
1
CCCA; ð1Þ
where j is the all-one vector of length 19 and blanks are zero’s.
Let P be the cyclic code of length 19 over GF(2) generated by x  1: Since x18 þ
x17 þ?þ x þ 1 is an irreducible polynomial over GF(2), P is the ﬁeld with 218
elements. Let EfðCÞn be the code EfðCÞ with the last 4 coordinates deleted. The
restriction vjOi; ði ¼ 1; 2; 3; 4Þ for each vector vAEfðCÞn has even weight. Hence vjOi
can be considered as an element of P by ðv0; v1;y; v18Þ/v0 þ v1x þ?þ v18x18: In
this way, we obtain the map j : EfðCÞn-P4: From [9] it follows that jðEfðCÞnÞ is a
self-dual ½4; 2 code over P with respect to the following inner product:
u1v
29
1 þ u2v2
9
2 þ u3v2
9
3 þ u4v2
9
4 : ð2Þ
Now we consider a generator matrix of jðEfðCÞnÞ: Without loss of generality, we
may assume that jðEfðCÞnÞ has the following generator matrix:
A ¼ eðxÞ 0 a1ðxÞ a2ðxÞ
0 eðxÞ a3ðxÞ a4ðxÞ
 !
;
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where aiðxÞAP for i ¼ 1; 2; 3; 4 and eðxÞ ¼ x þ x2 þ?þ x18 is the identity element
of the ﬁeld P: Moreover, from the orthogonality of the two rows in A under the inner
product (2), we have the two possible generator matrices for pðFfðCÞÞ:
A1 ¼
eðxÞ 0 bðxÞt1 0
0 eðxÞ 0 bðxÞt2
 !
and A2 ¼
eðxÞ 0 bðxÞt1 bðxÞt2
0 eðxÞ bðxÞt3 gðxÞsbðxÞt4
 !
;
for s ¼ 0; 1;y; 18 and ti ¼ 1;y; 27 511; for i ¼ 1; 2; 3; 4 where bðxÞ ¼ 1þ x2 þ
x3 þ x6 þ x7 þ x9 þ x10 þ x11 þ x13 þ x14 þ x15 þ x18 and gðxÞ ¼ xeðxÞ are elements
of P of multiplicative orders 27 511 and 19, respectively. The rows of the matrix A1
are investigated in [11]. There are 4 cases for the rows of A1:
ðeðxÞ; 0; eðxÞ; 0Þ; ðeðxÞ; 0; bðxÞ511; 0Þ; ðeðxÞ; 0; bðxÞ3511; 0Þ and ðeðxÞ; 0; bðxÞ9511; 0Þ:
It is not hard to verify that the sum of the ﬁrst and the second rows of the
corresponding generator matrix of EfðCÞn is a vector of weight at most 14 in any of
above 4 cases. Hence it is sufﬁcient to consider only A2:
From the self-duality, we have bðxÞt3þ29t1 ¼ bðxÞt4þ29t2gðxÞs: If s40 then bðxÞt4þ29t2
and gðxÞs are elements of the ﬁeld P and their orders are r1 and 19 as ðr1; 19Þ ¼ 1:
Then the order of bðxÞt4þ29t2gðxÞs is 19 r1: Therefore 19 divides the order of
bðxÞt3þ29t1 ; which gives a contradiction. Hence s ¼ 0; that is, jðEfðCÞnÞ has
generator matrix of the form
A21 ¼
eðxÞ 0 bðxÞt1 bðxÞt2
0 eðxÞ bðxÞt3 bðxÞt4
 !
:
Similarly, applying (2) to the ﬁrst row of A21; we obtain eðxÞ þ bðxÞð2
9þ1Þt1 þ
bðxÞð29þ1Þt2 ¼ 0: The multiplicative order of cðxÞ ¼ bðxÞ29þ1 is 511 and cðxÞ may be
considered as a primitive element of a ﬁeld with 512 elements. From the equality
cðxÞt1 þ cðxÞt2 ¼ eðxÞ we determine all possible values for the pairs ðt1; t2Þ: The
possible pairs ðt1; t2Þ can be considered over modulo 511 by letting t1 ¼ t01 þ 511k1
and t2 ¼ t02 þ 511k2 for some 0pt01o511; 0pt01o511; 0pk1o27 and 0pk2o27
noting that cðxÞt01 þ cðxÞt02 ¼ cðxÞt1 þ cðxÞt2 : There are 255 pairs ðt01; t02Þ which satisfy
cðxÞt01 þ cðxÞt02 ¼ eðxÞ: Similarly, by the orthogonality of the second row, the same
255 pairs can be used for ðt03; t04Þ where t3 ¼ t03 þ 511k3 and t4 ¼ t04 þ 511k4 again
with 0pk3o27 and 0pk4o27:
Moreover, the restriction on the two rows from the self-duality implies that
bðxÞt01þ511k1þ29ðt03þ511k3Þ ¼ bðxÞt02þ511k2þ29ðt04þ511k4Þ:
Therefore
t01 þ 511k1 þ 29ðt03 þ 511k3Þ  t02 þ 511k2 þ 29ðt04 þ 511k4Þ ðmod 511 27Þ
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then
t01  t02  t04  t03 ðmod 511Þ:
From all 255 pairs for ðt01; t02Þ and ðt03; t04Þ; it is veriﬁed that t01  t02  t04  t03
ðmod 511Þ if and only if t01 ¼ t04 and t02 ¼ t03: Thus a generator matrix of jðEfðCÞnÞ
has the following form:
A0 ¼ eðxÞ 0 bðxÞ
t0
1
þ511k1 bðxÞt02þ511k2
0 eðxÞ bðxÞt02þ511k3 bðxÞt01þ511k4
 !
: ð3Þ
There are 255  274 possible matrices for A0: Each matrix is completely determined by
a vector
ðt01; t02; k1; k2; k3; k4Þ: ð4Þ
Hence a corresponding generator matrix of EfðCÞn is
Y ¼ u v1 v2
u v3 v4
 !
; ð5Þ
where u and vi ði ¼ 1; 2; 3; 4Þ are 18 19 right circulant matrices such that the ﬁrst
rows correspond to the polynomials eðxÞ; bðxÞt01þ511k1 ; bðxÞt02þ511k2 ; bðxÞt02þ511k3 and
bðxÞt01þ511k4 ; respectively, and the blanks denote all-zero matrices. In addition, we
give the construction of a generator matrix of C:
Proposition 4. Let C be an extremal doubly-even self-dual ½80; 40; 16 code with
the automorphism f of order 19. Then C has generator matrix of the following
form:
G ¼ X
Y O
	 

;
where Y and X are given by (5) and (1), respectively, and O is the all-zero 36 4
matrix.
The following lemma is a particular case of a result in [11].
Lemma 5 (Yorgov [11]). Let C and C0 be extremal doubly-even self-dual ½80; 40; 16
codes with the automorphism f: Then C and C0 are equivalent if C0 can be obtained
from C applying a product of some of the following transformations:
(i) a permutation of the first 4 cycles of C;
(ii) a permutation of the last 4 coordinates of C;
(iii) a multiplication of the jth coordinate of jðEfðCÞnÞ by xtj ; where tj is an integer
with 1ptjp18 for j ¼ 1; 2; 3; 4;
(iv) a substitution x/xj for j ¼ 1; 2;y; 18 in jðEfðCÞnÞ:
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The above substitution (iv) for j ¼ 2 preserves jðEfðCÞnÞ because bðxÞ2 ¼ bðx2Þ:
Deﬁne l1; l2; s1; s2; s3; s4 as follows: l1  2t01 ðmod 511Þ; l2  2t02 ðmod 511Þ; s1  2k1þ
ð2t01  l1Þ=511 ðmod 27Þ; s2  2k2 þ ð2t02  l2Þ=511 ðmod 27Þ; s3  2k3 þ ð2t02  l2Þ=
511 ðmod 27Þ; s4  2k4 þ ð2t01  l1Þ=511 ðmod 27Þ: Then we obtain the transformation
ðt01; t02; k1; k2; k3; k4Þ/ðl1; l2; s1; s2; s3; s4Þ: ð6Þ
The automorphism group of FfðCÞ in the 4 cycles is the symmetry group of degree 4.
The permutation ð1; 2Þð3; 4Þ yields the following transformation:
ðt01; t02; k1; k2; k3; k4Þ/ðt01; t02; k4; k3; k2; k1Þ: ð7Þ
Since the code jðEfðCÞnÞ is a self-dual code with respect to the inner product (2),
the matrices A0 and A00 ¼ bðxÞ
29ðt0
1
þ511k1Þ bðxÞ29ðt02þ511k3Þ eðxÞ 0
bðxÞ29ðt02þ511k2Þ bðxÞ29ðt01þ511k4Þ 0 eðxÞ
 !
generate
the identical codes. The permutation ð1; 3Þð2; 4Þ in A00 yields the following
transformation:
ðt01; t02; k1; k2; k3; k4Þ/ðt01; t02; k11; k22; k33; k44Þ; ð8Þ
where k11  t01  k1 ðmod 27Þ; k22  t02  k3 ðmod 27Þ; k33  t02  k2 ðmod 27Þ; and
k44  t01  k4 ðmod 27Þ:
The permutations (1,3) and (2,3) in A0 yield the following transformations:
ðt01; t02; k1; k2; k3; k4Þ/ðl11; l22; s11; s22; s33; s44Þ; ð9Þ
ðt01; t02; k1; k2; k3; k4Þ/ðl111; l222; s111; s222; s333; s444Þ; ð10Þ
respectively, where l11  511 t01 ðmod 511Þ; l22  t02  t01 ðmod 511Þ; s11 
26 k1 ðmod 27Þ; s22  k2  k1 ðmod 27Þ; s33  k3  k1 ðmod 27Þ; s44 satisﬁes that
bðxÞl11þ511s44 ¼ bðxÞt01þ511k4 þ bðxÞ2t02t01þ511ðk2þk3k1Þ; l111  t01  t02 þ 511 ðmod 511Þ;
l222  511 t02 ðmod 511Þ; s111  k1  k3 ðmod 27Þ; s333  26 k3 ðmod 27Þ; s444 
k4  k3 ðmod 27Þ; s222 satisﬁes bðxÞl222þ511s222 ¼ bðxÞt
0
2
þ511k2 þ bðxÞ2t01t02þ511ðk1þk4k3Þ:
The automorphism group generated by (6)–(10) splits the set of vectors (4) into
26 518 orbits. A computer search shows that only 11 codes among the codes
corresponding to the 26 518 orbits have minimum weight 16. Those 11 codes are
deﬁned by vectors (4) as follows:
ð3; 342; 8; 6; 12; 22Þ; ð3; 342; 11; 7; 9; 17Þ; ð3; 342; 13; 19; 26; 17Þ; ð9; 388; 3; 19; 23; 11Þ;
ð9; 388; 15; 1; 3; 15Þ; ð27; 467; 6; 16; 19; 21Þ; ð23; 428; 6; 6; 6; 6Þ; ð29; 118; 0; 2; 3; 24Þ;
ð77; 182; 0; 1; 19; 23Þ; ð77; 182; 2; 4; 14; 19Þ and ð93; 476; 16; 8; 11; 25Þ:
We denote the 11 codes by C80;1; C80;2;y; C80;10 and C80;11; respectively.
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We now give an invariant to show that the 11 codes are inequivalent. The weight
enumerator of an extremal doubly-even self-dual code of a ﬁxed length is uniquely
determined and an extremal doubly-even self-dual code of length 80 has 97 565
codewords of weight 16 [4]. Let c1; c2;y; c97565 be the codewords of weight 16 in a
given an extremal doubly-even code of length 80. We consider the following numbers:
Aj ¼ #fðci1 ; ci2Þ j disðci1 ; ci2Þ ¼ j; i1oi2g;
where disðci1 ; ci2Þ denotes the distance between ci1 and ci2 : It is easy to see that the
numbers A16; A20; A24; A28 and A32 are invariant under a permutation of the
coordinates. Of course, the numbers are also invariant under a change of the order of
the codewords. We only list in Table 1 the numbers A16 for the 11 codes. Therefore
we have the following:
Theorem 6. Up to equivalence there exist 11 extremal doubly-even self-dual ½80; 40; 16
codes with an automorphism of order 19.
Generator matrices of the above 11 codes are obtained by Proposition 4. The ﬁrst
row of the cell u of Y for any of the 11 codes is 0111111111111111111: In Table 2,
the ﬁrst rows of the cells vi (i ¼ 1; 2; 3; 4) of Y for the codes C80;j ðj ¼ 1; 2;y; 11) are
given.
In Table 3, we list the automorphism groups orders jAutj and generators of the 11
codes where
w1 ¼ð1; 25Þð2; 24Þð3; 23Þð4; 22Þð5; 21Þð6; 20Þð7; 38Þð8; 37Þð9; 36Þð10; 35Þð11; 34Þ
ð12; 33Þð13; 32Þð14; 31Þð15; 30Þð16; 29Þð17; 28Þð18; 27Þð19; 26Þð39; 65Þð40; 64Þ
ð41; 63Þð42; 62Þð43; 61Þð44; 60Þð45; 59Þð46; 58Þð47; 76Þð48; 75Þð49; 74Þð50; 73Þ
ð51; 72Þð52; 71Þð53; 70Þð54; 69Þð55; 68Þð56; 67Þð57; 66Þð77; 78Þð79; 80Þ;
w2 ¼ð1; 20Þð2; 38Þð3; 37Þð4; 36Þð5; 35Þð6; 34Þð7; 33Þð8; 32Þð9; 31Þð10; 30Þð11; 29Þ
ð12; 28Þð13; 27Þð14; 26Þð15; 25Þð16; 24Þð17; 23Þð18; 22Þð19; 21Þð39; 60Þð40; 59Þ
ð41; 58Þð42; 76Þð43; 75Þð44; 74Þð45; 73Þð46; 72Þð47; 71Þð48; 70Þð49; 69Þð50; 68Þ
ð51; 67Þð52; 66Þð53; 65Þð54; 64Þð55; 63Þð56; 62Þð57; 61Þð77; 78Þð79; 80Þ;
w3 ¼ð1; 58Þð2; 76Þð3; 75Þð4; 74Þð5; 73Þð6; 72Þð7; 71Þð8; 70Þð9; 69Þð10; 68Þð11; 67Þ
ð12; 66Þð13; 65Þð14; 64Þð15; 63Þð16; 62Þð17; 61Þð18; 60Þð19; 59Þð20; 39Þð21; 57Þ
ð22; 56Þð23; 55Þð24; 54Þð25; 53Þð26; 52Þð27; 51Þð28; 50Þð29; 49Þð30; 48Þð31; 47Þ
ð32; 46Þð33; 45Þð34; 44Þð35; 43Þð36; 42Þð37; 41Þð38; 40Þð77; 80Þð78; 79Þ;
R. Dontcheva, M. Harada / Finite Fields and Their Applications 9 (2003) 157–167164
w4 ¼ð1; 24; 9; 32; 17; 21; 6; 29; 14; 37; 3; 26; 11; 34; 19; 23; 8; 31; 16; 20; 5; 28; 13; 36; 2;
25; 10; 33; 18; 22; 7; 30; 15; 38; 4; 27; 12; 35Þð39; 62; 47; 70; 55; 59; 44; 67; 52; 75;
41; 64; 49; 72; 57; 61; 46; 69; 54; 58; 43; 66; 51; 74; 40; 63; 48; 71; 56; 60; 45; 68; 53;
76; 42; 65; 50; 73Þð77; 78Þð79; 80Þ;
Table 1
Invariants for the 11 codes
Code A16 Code A16 Code A16
C80;1 20 089 650 C80;2 20 022 390 C80;3 20 034 360
C80;4 19 981 920 C80;5 20 126 130 C80;6 19 937 460
C80;7 20 074 260 C80;8 20 033 220 C80;9 19 981 350
C80;10 19 972 800 C80;11 19 973 940
Table 2
The ﬁrst rows of cells vi ði ¼ 1; 2; 3; 4Þ
Code v1 v2 v3 v4
C80;1 0000110110111110010 1010101011111010101 1101010111110101010 0010011111011011000
C80;2 1111111010100110111 1110111110010100101 0001100101101001100 1000011000001000110
C80;3 1011000100000110000 0000000110011111010 0010111110011000000 1000011000001000110
C80;4 1100001100101111001 0110110001101010000 0010100110100101001 1101110001010010101
C80;5 1000101000000100011 0100001000111010011 1100010110110111110 1000101000000100011
C80;6 1110000010111001000 1010100010001111101 1101111100010001010 1000100111010000011
C80;7 0001101110011001110 0100000010010110111 0100000010010110111 0001101110011001110
C80;8 1010110011000000101 0010101100111010011 0011101101011010100 0101001100100101001
C80;9 1101101001110010111 1100011111100111111 1111111001111110001 1111010011100101101
C80;10 0101111100111001101 0000101110000100001 0110110001001101011 0011101100001110000
C80;11 1100101101001100011 1100001001010011010 0010000010011011110 1000010100111101110
Table 3
Automorphism groups orders
Code jAutj Generator(s)
C80;1 38 f; w1
C80;2 19 f
C80;3 38 f; w2
C80;4 19 f
C80;5 38 f; w3
C80;6 38 f; w2
C80;7 76 f; w4; w5
C80;8 19 f
C80;9 38 f; w1
C80;10 19 f
C80;11 19 f
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w5 ¼ð1; 41Þð2; 40Þð3; 39Þð4; 57Þð5; 56Þð6; 55Þð7; 54Þð8; 53Þð9; 52Þð10; 51Þð11; 50Þ
ð12; 49Þð13; 48Þð14; 47Þð15; 46Þð16; 45Þð17; 44Þð18; 43Þð19; 42Þð20; 60Þð21; 59Þ
ð22; 58Þð23; 76Þð24; 75Þð25; 74Þð26; 73Þð27; 72Þð28; 71Þð29; 70Þð30; 69Þð31; 68Þ
ð32; 67Þð33; 66Þð34; 65Þð35; 64Þð36; 63Þð37; 62Þð38; 61Þð77; 79Þð78; 80Þ:
The orders and the generators of the automorphism groups have been calculated by
Magma.
By the Assmus–Mattson theorem, the codewords of a ﬁxed weight in an extremal
doubly-even ½80; 40; 16 code form a 3-design. We have veriﬁed that each of the 11
codes in Theorem 6 is generated by the codewords of minimum weight. Thus the 11
inequivalent codes give 11 non-isomorphic 3-ð80; 16; 665Þ designs. In addition, the
automorphism groups of the 3-designs coincide with the corresponding codes. Hence
we have the following:
Proposition 7. There are at least 11 non-isomorphic 3-ð80; 16; 665Þ designs with an
automorphism of order 19.
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